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been purely chemical and one which cannot be detected by any
means at our disposal. We know that the inheritance of Mendelian
characters is dependent on chromosomes, and we have definite
evidence that many mutations are due to changes in chromosomes;
therefore it seems logical to conclude that, in general, mutations
are brought about in this manner.

While it does appear that changes in chromosomes are responsi-
ble for mutations, we are still left with the problem of the cause of
the changes in the chromosomes themselves, and this is one of the
most perplexing problems of heredity and evolution. A mutation
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Right and left, two inbred strains; center, their FI progeny. (After Shull)
often occurs in a single individual raised with many others under
as uniform conditions as the experimenter can produce. Mutations
have been induced by subjecting organisms to such violent treat-
ments as exposure to X rays, radium, or excessive temperatures.
These experiments do not solve the problem of the cause of muta-
tions under natural conditions, as the doses of X ray and radium
employed are much greater than the organisms would ever en-
counter under natural conditions. They do show, however, that in
some cases mutations are caused by definite stimuli.
Hybrid vigor. The crossing of two races which are not too dis-
tantly related frequently results in an increased vigor, known as
hybrid vigor, in the offspring (Fig. 405). In wide crosses there is
often an increased vigor accompanied by sterility, as in the well-
known case of the mule; in very wide crosses sterility may be